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OBJECTIVE — To determine whether tight glycemic control can be obtained using intensive
conventional split-dose insulin therapy in the outpatient management of type II diabetes
without development of unacceptable side effects.

RESEARCH DESIGN AND METHODS — Fourteen type II diabetic subjects were treated
with an intensive program of conventional insulin (subcutaneous NPH and regular insulin before
breakfast and supper) for 6 mo. Insulin dose adjustments were based on an algorithm built on
frequent CPG measurements (4-6 times/day). Patients were monitored biweekly as outpatients
and admitted 1 day/mo for metabolic evaluation.

RESULTS— Glycemic control was achieved by 1 mo (mean plasma glucose fell from
17.5 ± 0.9 to 7.7 ± 0.7 mM, P < 0.001) and remained in this range thereafter. Hypoglycemic
events at 1 mo were infrequent (mean ± SE events per patient per month: 4.1 ± 0.3) and mild
in nature, and progressively decreased to 1.3 ± 0.5 events/mo by 6 mo. After treatment, basal
HGO fell 44% from 628 ± 44 to 350 ± 17 jimol • m~2 • min"1 (P < 0.001), and maximal
rates of glucose disposal measured by hyperinsulinemic euglycemic clamp (1800
pmol • m~2 • min"1) improved from 1418 ± 156 to 1657 ± 128 |xmol • m~2 • min"1

(P < 0.05). The total dose of exogenous insulin required was 86 ± 13 U at 1 mo and
100 ± 24 U at 6 mo. During treatment, mean serum insulin levels increased from 308 ± 80
to 510 ± 102 pM (P < 0.05), while body weight increased from 93.5 ± 5.8 to 102.2 ± 6.8 kg
(P < 0.001). Both pre- and posttreatment glucose disposal rates correlated with the total
exogenous insulin dose required to achieve glycemic control (r = —0.75 and —0.78, both
P < 0.005). Weight gain was inversely related to the pretreatment glucose disposal rate
(r = —0.53, P < 0.05) and directly correlated with both mean day-long serum insulin level
(r = 0.67, P < 0.01) and total exogenous insulin dose (r = 0.62, P < 0.02).

CONCLUSIONS — Intensive CIT, when combined with CBG measurements, can be used to
rapidly improve glycemic control in type II diabetes without development of unacceptable hypo-
glycemia. This degree of metabolic improvement, however, requires large doses of exogenous
insulin to overcome peripheral insulin resistance and results in greater hyperinsulinemia with
progressive weight gain.
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Since its introduction >20 yr ago
(1), conventional split-dose insulin
therapy often has been used when

diet and oral hypoglycemic agents fail to
control hyperglycemia in type II diabe-
tes. Although CIT clearly improves both
glycemic and lipid profiles, its superior
efficacy in outpatient management of
type II diabetes recently has been ques-
tioned in several clinical trials that dem-
onstrate similar or only slightly better
metabolic benefits than with oral agents
alone (2-5). To some extent, the previ-
ous failure to achieve normoglycemia
with CIT has occurred because of a lack
of definitive evidence that tight glycemic
control benefits long-term complica-
tions. In addition, physicians have been
concerned that the potential unwanted
side effects of hypoglycemia, weight gain,
and hyperinsulinemia (6,7) would pre-
dominate. Furthermore, advances in our
understanding of the pathophysiology of
type II diabetes have raised concerns that
CIT may not be the ideal regimen to
optimize glycemic control (8). Thus, the
use of CIT is often relegated to reducing
hyperglycemia and the associated symp-
toms rather than the attainment of nor-
moglycemia as a therapeutic goal.

More recently, the issue of tight
glycemic control has attracted consider-
able scientific interest because of studies
indicating that hyperglycemia per se may
have toxic effects and that normalization
of plasma glucose may reduce the risks
of diabetic complications (9). With this
new information, the physician caring
for type II diabetic patients must now
decide how best to pursue the treatment
of hyperglycemia. In this regard, much of
the earlier criticisms of intensive CIT
have been anecdotal in nature and reflect
results obtained before CBG measure-
ments were readily available to modify
insulin dosage and assist in normalizing
glycemic control in type II diabetes.

In this study, we addressed
whether tight glycemic control can be
attained using intensive CIT in the out-
patient management of type II diabetes
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Table 1—Clinical and metabolic charac-
teristics of study subjects

I I t I I

CHARACTERISTIC

AGE (YR)

SEX (MEN/WOMEN)

DURATION OF DIABETES (YR)

WEIGHT (KG)

BM1 (KG/M2)

FPG (MM)

FASTING SERUM INSULIN (PM)

HBA 1 C (%)

2 4 - H GLYCOSURIA (MMOL/DAY)

STUDY

SUBJECTS

59 ± 2
10/4
7 ± 2

93.5 ± 5.7
31.4 ± 1.9
15.7 ±0.7
242 ± 117
7.7 ± 0.4

600 ± 126
Values are means ± SE. Normal reference range for
HbAlc (nonlabile portion) is 3.6-4.9%.

without the development of unaccept-
able side effects. To achieve this level of
glycemic control and determine if poten-
tial adverse effects were preventable, we
combined frequent home CBG measure-
ments with close medical and nutritional
outpatient monitoring during intensive
CIT of patients with type II diabetes.

RESEARCH DESIGN AND
METHODS— Fourteen patients (10
men, 4 women) with type II diabetes
were studied (10). Table 1 lists the clin-
ical characteristics of the group. None
had overt diabetic complications, hyper-
tension, or other major medical illnesses.
All patients had unsatisfactory glycemic
control despite maximal oral hypoglyce-
mic therapy (glyburide, n = 4; glipizide,
n = 4; tolazamide, n = 3; chlorpropam-
ide, n = 3). Unsatisfactory glycemic con-
trol was defined by an FPG >9.0 mM
(range 9.4-22.3 mM) on treatment. All
patients were initially well controlled
with oral agents but subsequently devel-
oped drug resistance (secondary failure).
Oral hypoglycemic agents were discon-
tinued for 2 - 3 wk before baseline stud-
ies were conducted. No patient was pre-
viously treated with insulin or currently
on any other medication known to affect
carbohydrate or lipid metabolism. The
experimental protocol was approved by
the Committee on Human Investigation

• 1 0 1 2 3 4 5 6

MONTHS

Figure 1—Schema of study design. A: Oral

hypoglycemic agent withdrawal period of 2-3

wk duration. B: Hospitalization period before

treatment for baseline metabolic measurements.

C: 6-mo outpatient period of intensive insulin

therapy. D: Hospitalization after treatment to

repeat baseline metabolic measurements. ( ty ),

glucose turnover studies; ( J ), monthly 24-h

glycemic profiles.

at the University of California, San Di-
ego. Written informed consent was ob-
tained from each patient.

Study design
A schema of the study design is shown in
Fig. 1. Before beginning treatment with
insulin, all patients underwent a meta-
bolic stabilization period of 2 -3 wk du-
ration as outpatients followed by 7-10
days of hospitalization to obtain baseline
metabolic measurements (see below) and
initiate intensive insulin therapy. After
discharge, patients were monitored at a
clinic every 1-2 wk and admitted
monthly for a 24-h glycemic profile and
measurement of fasting metabolic pa-
rameters. After 6 mo of intensive insulin
therapy, patients were admitted to repeat
all baseline measurements obtained be-
fore treatment.

Metabolic stabilization period
The purpose of the metabolic stabiliza-
tion period was to instruct patients on
the requirements and procedures of the
study, establish consistent and appropri-
ate dietary patterns, and determine sta-
bility of weight and glucose levels off of
oral agent therapy. After recruitment, all
patients were taught standard techniques
of HGM of capillary blood and provided
with glucose oxidase reagent strips
(Chemstrips) and a portable reflectance
meter (Accuchek). The patients were in-
structed to measure and record their glu-

cose concentration 3 -4 times/day (fast-
ing, 2 h after breakfast, presupper, 2 h
after supper). Oral hypoglycemic agents
were then stopped with outpatient mon-
itoring by a physician and dietitian every
1-2 wk for ~ 2 - 3 wk before initiation of
insulin therapy. At each visit with the
dietitian, patients were evaluated and in-
structed on methods of weight mainte-
nance including consistency of meal
intake, meal timing, and food class distri-
bution. Caloric intake also was adjusted
as necessary to maintain body weight.

Inpatient evaluation
At completion of the metabolic stabiliza-
tion period, patients were admitted to
the clinical research ward for baseline
metabolic evaluation. For 2 -3 days be-
fore studies were performed and
throughout the hospitalization period,
patients consumed a standardized
weight-maintenance mixed diet contain-
ing 55% carbohydrate, 30% fat, and 15%
protein, given in four feedings of 25, 25,
40, and 10% of total daily calories at
0830, 1230, 1730, and 2200, respec-
tively. This distribution was chosen to
mimic caloric intake in the free-living
state. All studies were performed after a
12- to 14-h overnight fast. Each study
was separated by at least 2 days. Pretreat-
ment studies were completed within
5-6 days of admission.

24-h Metabolic Profile
To assess the effect of intensive insulin
therapy on day-long glycemic control,
plasma glucose and insulin concentra-
tions were measured in the fasting state
and in response to breakfast, lunch, din-
ner, and an evening snack. The diet con-
sumed during all profile studies was
identical in composition and caloric dis-
tribution to that provided throughout
the hospitalization period. During these
profiles, the presence of hypoglycemia
(plasma glucose <3.0 mM) and any as-
sociated symptoms were documented.

To perform this study, an in-
dwelling catheter was placed in a fore-
arm vein, and blood was drawn at hourly
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intervals for 24 h except from 2230 to
0630, when samples were drawn every 2
h. Serum glucagon was measured fasting
(0730) and then hourly until 1530 (9
samples). Urinary glucose loss was mea-
sured throughout this 24-h period. A
24-h profile study was conducted before
and then at monthly intervals for 6 mo
during intensive insulin therapy. Once
insulin had been initiated, patients re-
ceived their usual daily insulin dose dur-
ing the profile study. GHb, total and
HDL cholesterol, and triglyceride also
were measured in the fasting state during
the glycemic profile study before and af-
ter 3 and 6 mo of insulin therapy.

HGO
The R, was quantitated in the basal
(postabsorptive) state after the infusion
of [3-3H] glucose in a primed continuous
manner. After the insertion of a catheter
into an antecubital vein, a 60-|xCi prim-
ing dose of tracer was injected as a bolus
followed by a constant infusion of 0.60
|xCi/min. After at least 90 min of infu-
sion, arterialized venous blood was sam-
pled at 20-min intervals for 1 h for the
determination of both concentration and
specific activity of glucose. Arterialized
blood was obtained from an indwelling
catheter that was placed in a retrograde
manner in the vein of a hand that was
kept in a warming device at 60-70°C. R,
was calculated from the modified Steele
equations (11), as the tracer exhibits
non-steady-state kinetics under these
conditions. The rate of basal HGO was
determined from R,, because essentially
all endogenous glucose is produced by
the liver in the basal state. Measurements
of HGO were made before and after 6 mo
of intensive insulin therapy.

Peripheral insulin sensitivity
In vivo insulin sensitivity was measured by
the euglycemic glucose-clamp technique,
as described previously (12). The glucose-
clamp study was begun immediately after
the basal HGO study by administering a
loading dose of insulin during the initial
10 min in a logarithmically decreasing

manner to acutely raise serum insulin to
the desired level, where it was maintained
for the duration of the study by a contin-
uous insulin infusion. Arterialized plasma
glucose was maintained between 4.5 and
5.0 mM throughout the clamp study, with
a CV of <5%, by means of a variable
infusion rate of 20% dextrose. After initi-
ating the insulin infusion, the serum glu-
cose level was allowed to drop to —8 mM
before initiating the infusion of 20% dex-
trose. Based on plasma glucose measure-
ments done at 5-min intervals, the glucose
infusion was adjusted as necessary to bring
the plasma glucose down and maintain it
at —5.0 mM. Potassium phosphate was
infused at a rate of 15-30 mEq/h to main-
tain the serum potassium level between
3.5 and 4.5 mM and avoid hypokalemia or
hypophosphatemia.

Each subject was studied at an in-
sulin infusion rate of 1800 pmol*m~2'
min"1 (300 mU'rn"2 •min~1) to assess
maximal rates of glucose disposal. Because
endogenous glucose production is com-
pletely suppressed during an 1800
pmol-m~2 -min"1 insulin infusion, the
total glucose disposal rate was equal to the
exogenous glucose infusion rate. Clamp
studies were conducted for 240 min before
and after insulin therapy. The data for the
last three 20-min intervals of each study
were meaned and used as the data point
for that particular study.

Initiation of insulin therapy
After completion of the baseline meta-
bolic studies described above, insulin
therapy was initiated in hospital and the
dose modified over 3 -5 days according
to the algorithm shown in Appendix 1.
Human insulin (U-100) of recombinant
DNA origin (Humulin NPH and regular)
was provided by Dr. John Galloway of
Lilly (Indianapolis, IN). All insulin injec-
tions were given subcutaneously in the
periumbilical region. Patients were sub-
sequently discharged to resume their
usual preadmission levels of diet and ac-
tivity with weekly clinic visits until stable
doses of insulin were achieved followed
by biweekly visits thereafter.

Outpatient evaluation
Outpatient clinic visits consisted of di-
etary review (by the research dietitian) to
encourage consistency of diet and main-
tenance of baseline weight. HGM records
were reviewed with details of symptom-
atic hypoglycemic reactions (by the re-
search physician) and adjustment of in-
sulin dosage according to the treatment
algorithm (APPENDIX). Patients were ex-
pected to monitor and record CBG con-
centration 3 -4 times/day (fasting, 2 h
after breakfast, presupper, 2 h after sup-
per) throughout the entire treatment
program. Twice a week, glucose levels
were also measured between 0100 and
0300 h at the expected overnight nadir.
At 1-2 days before each outpatient clinic
visit, patients were instructed to perform
an 8-point glucose profile (before and 2
h after each meal, at bedtime, and at
0100-0300).

Analytical method
Blood drawn for plasma glucose was im-
mediately separated by Eppendorf mi-
crocentrifuge (Brinkman, Westbury, NY)
and measured by an automated glucose
oxidase method (model 23A, YSI, Yellow
Springs, OH). Blood for serum insulin
was collected in untreated tubes and
blood for glucagon in tubes containing
150 |xl of protease inhibitor aprotinin
(Trasylol, FBA Pharmaceuticals, New
York, NY). Both were allowed to clot at
room temperature before the supernatant
was removed. Blood for glucose-specific
activity was collected in tubes containing
potassium oxalate and sodium fluoride.
Blood for lipids and HbAlc was collected
in tubes containing 50-100 |xl EDTA.
These samples were immediately placed
on ice or stored after centrifugation at
— 20°C until assayed. Serum insulin was
measured by double-antibody technique
(13). Serum glucagon was assayed by the
charcoal separation method of Faloona
and Unger (14). Tritiated glucose counts
were determined on perchloric acid ex-
tracts of plasma. Total cholesterol, tri-
glycerides, and LDL and HDL cholesterol
were measured according to standard-
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Figure 2—Correlation of total weight gain
with total insulin dose (A) and mean serum
insulin level (B) at study completion. A:
r = 0.62, P < 0.02; B: r = 0.67, P < 0.01.

ized procedures of the Lipid Research
Clinic Manual (15). HbAlc was deter-
mined on plasma by HPLC.

Data analysis
All data are expressed as means ± SE.
Data calculations and statistical analyses
were performed using the StatView Pro-
gram (Abacus Concepts, Berkeley, CA).
Statistical significance was tested by re-
peated-measures one-way ANOVA fol-
lowed by the Scheffe's F test or, when
appropriate, the Student's paired two-
tailed t test. Pearson correlation coeffi-
cients were evaluated by the method of
least squares.

RESULTS

Insulin requirement and weight
gain
The total dose of insulin and the distribu-
tion into NPH and regular components is
shown in Table 2. The total dose of insulin

required to achieve tight glycemic control
ranged from 86 ± 13 at 1 mo to 100 ± 24
U/day by 6 mo and consisted of —75%
NPH and —25% regular insulin. During
the entire study the total dose of insulin
was almost equally split between the
morning and evening dose. This insulin
requirement was associated with progres-
sive increases in body weight despite fre-
quent visits with the dietician and instruc-
tions to reduce the daily caloric intake.

At completion of the study, the
average weight gain was >9% (8.7 ± 1.9
kg) of the pretreatment body weight.
Weight gain was significantly related to
pretreatment mean day-long serum insu-
lin levels (r = 0.55, P < 0.05). As shown
in Fig. 2, total weight gain also was sig-
nificantly correlated with total exoge-
nous insulin dose (r = 0.62, P < 0.02)
and mean day-long serum insulin level
(r = 0.67, P < 0.01) at completion of
the study. We noted no relationship,
however, between weight gain after in-
tensive CIT and pretreatment body
weight, HbAlc, or daily glycosuria. Nei-
ther could weight gain be explained by
change in HbAlc or increased caloric in-
take determined by 24-h recall.

24-h Metabolic profile
Glucose and insulin excursions before
and after 1, 3, and 6 mo of intensive CIT
are shown in Fig. 3. One month after
initiating intensive CIT, day-long glyce-
mia (3A) had improved to within the
normal range and remained at this level
through 3 and 6 mo. Despite the fact that
more of the total daily calories were
given at 1730 (supper) than at 0830
(breakfast) or 1230 (lunch)—40 vs. 25
and 25%, respectively—all postprandial
glucose excursions before treatment were
similar. Furthermore, these postprandial
glycemic peaks were virtually identical
before and after intensive CIT, thus in-
dicating that the prime contributor to
improved overall glycemia was the re-
duction in FPG levels. The serum insulin
levels rose after each meal but the peak
after supper was consistently higher than
after breakfast or lunch in each study

(3B). Although the greater insulin peaks
after supper may reflect the larger caloric
intake of this meal, it did not result from
larger glycemic excursions at this time
(3A). Similarly, this postsupper peak in
serum insulin was not likely due to ex-
ogenous insulin therapy, as this pattern
was present before insulin was begun and
persisted during insulin treatment, albeit at
higher levels. Furthermore, the amount of
regular insulin given before supper was
not significantly greater than before break-
fast at 1, 3, or 6 mo of treatment.

The mean values of a number of
metabolic parameters measured during
the 24-h glycemic profile before and af-
ter intensive CIT are shown in Table 3.
Virtually all glycemic parameters showed
the greatest improvement by 1 mo of
therapy, with only small changes there-
after. Intensive CIT controlled not only
fasting hyperglycemia but mean day-long
glucose levels as well. As expected, in-
ducement of peripheral hyperinsuline-
mia was required to achieve this im-
proved degree of control, with mean
serum insulin levels progressively rising
during treatment. Despite the achieve-
ment of markedly improved glucose lev-
els during intensive CIT, the total num-
ber of hypoglycemic events was minimal
and decreased as therapy progressed.
During the 24-h glycemic profiles done
after 1 mo of intensive CIT, there were
five instances in the 14 patients where
the plasma glucose was <3.0 mM, and
four of these were associated with symp-
toms. The most common symptoms were
hunger and tremor, and none were inca-
pacitating. By 6 mo of therapy, no hypo-
glycemic events occurred during the 24-h
glycemic profiles. Serum triglycerides were
reduced —60%, whereas total cholesterol
was 24% lower after intensive CIT treat-
ment. Neither LDL nor HDL cholesterol
changed with intensive CIT.

HGM
The results of outpatient evaluation by
HGM are shown in Table 4. On average,
each patient performed HGM from
123 ± 7 to 154 ± 11 times/mo, of
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Figure 3—Mean plasma glucose (A) and serum insulin (B) during 24-h metabolic profiles before,
and after 1, 3, and 6 mo of intensive CIT. C f ), Time of meal consumption; ( ^ ), time of exogenous
insulin injections.

which 26-27 were fasting measure-
ments. The mean fasting CBG level
ranged from 6.5 ± 0.5 to 6.8 ± 0.4 mM,
which was virtually identical to FPG lev-
els measured during the 24-h glycemic

profiles (Table 3). Although the mean
fasting CBG level did not change signif-
icantly between 1 and 6 mo of intensive
CIT, the CV of this measurement was
reduced by —40% after 3 and 6 mo,

consistent with improved control of this
parameter. The mean frequency per
month that the CBG fell <3.0 mM was
4.1 ± 0.3 per patient at 1 mo and
1.3 ± 0.5 per patient at 6 mo of therapy.
Of this number, 2.5 ± 1.4 were symp-
tomatic at 1 mo and 0.3 ± 0.2 were
symptomatic at 6 mo.

Glucose turnover
The individual and mean rates of basal
HGO and peripheral glucose disposal are
shown in Figs. 4A and 4B, respectively.
The mean basal rate of HGO was
628 ± 44 jxmol • m~2 • min"1 and fell
44% to 350 ± 17 jjunol • m"2 • min"1

(P < 0.001) after intensive CIT
(n = 13). The mean FPG level at these
rates of HGO was 14.5 ± 0.7 mM before
and 6.4 ± 0.3 mM after intensive CIT
(P < 0.001). When the basal HGO and
the corresponding FPG levels of individ-
ual subjects were compared before and
after intensive CIT, a strong correlation
was present (r = 0.85, P < 0.001).

Maximal peripheral glucose dis-
posal increased an average 17%, from
1418 ± 156 to 1657 ± 128 jjunol •
m"2 • min"1 (P < 0.05). The serum in-
sulin levels during the clamp studies
were similar before and after treatment at
7446 ± 558 and 8136 ± 564 pM, re-
spectively (NS). The one patient who
demonstrated a large fall in peripheral
glucose uptake (from 2930 to 2174
ixmol • m~2 • min"1) after treatment was
a long-distance runner who reduced this
activity after initiation of insulin therapy.
When this patient was excluded, glucose
uptake increased 24% from 1301 ± 1 1 1
to 1618 ± 133 fjunol • m~2 • min"1.

Strong inverse correlations were
present between both pre- and posttreat-
ment peripheral glucose disposal and the
corresponding total exogenous insulin
dose (r = -0 .75 and r = -0 .78, re-
spectively, both P < 0.005) required to
achieve normoglycemia (Fig. 5). An in-
verse correlation also was present be-
tween the pretreatment peripheral glu-
cose disposal rates and total weight
gained (r = -0 .53, P < 0.05).
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BEFORE AFTER BEFORE AFTER

* p<0 .05 ; ** p< 0.001

Figure 4—Individual and mean levels of basal HGO (A) and peripheral glucose uptake (B) before
and after 6 mo of intensive CIT.

CONCLUSIONS— The results of this
study clearly demonstrate that tight gly-
cemic control can be rapidly achieved
and maintained in type II diabetes with
an intensive regimen of twice-daily in-
jections of NPH and regular insulin com-
bined with a program of frequent self-
monitoring of CBG levels. In contrast to
the generally held belief, this degree of
glycemic control proved to be safe and
did not result in excessive or severe hy-
poglycemic reactions. However, this
treatment regimen was associated with

significant weight gain and peripheral
hyperinsulinemia. Most of the metabolic
improvement occurred within the first
month of initiating insulin therapy with
only slight improvements thereafter.

One of the most important fac-
tors contributing to the improved glyce-
mic control attained in this study was the
frequent performance of HGM. Before
initiating the study, patients were in-
formed about the importance of these
measurements and that adjustments of
insulin dosage would be based on these

values. Patient compliance to self-moni-
toring was consistent throughout the 6
mo of study, averaging >4 times per day.
Moreover, these measurements were ac-
curate when compared with fasting glu-
cose levels measured with an automated
glucose oxidase method during the inpa-
tient monthly 24-h glycemic profile
studies. Although a commitment to reg-
ular and frequent monitoring of CBG en-
hances the adjustment of insulin dosage
(16), most insulin-treated type II diabe-
tes patients either do not use this tech-
nique or do so infrequently. Without this
information, insulin dose adjustments
tend to be based primarily on specula-
tion and chance. In this study, frequent
and precise CBG measurements enabled
accurate adjustments of both intermedi-
ate and regular insulin to be made and
improved glycemia to be attained. It is
doubtful, however, whether any unique
advantages can be ascribed to the twice-
daily split-mixed insulin therapy used
since equally good glycemic control has
been achieved in type II diabetes subjects
using alternate insulin regimens (17,18).

In contrast to the increased risk
of severe hypoglycemia associated with
intensive insulin therapy in type I diabe-
tes subjects (19), the incidence of hypo-

Table 2—Insulin requirement and weight gain during intensive CIT of type II diabetes patients

PARAMETER

TOTAL INSULIN DOSE (U)

NPH
REGULAR

INSULIN DISTRIBUTION (U)

A M DOSE

% N P H / % REGULAR

PM DOSE

% N P H / % REGULAR

BODY WEIGHT (KG)

WEIGHT GAIN (KG)

CALORIC INTAKE! (KCAL/DAY)

Values are means ± SE.
*P < 0.05 by Scheffe's F test.
tEstimated by 24-h recall.

0

—
—

—

—

93.5 ± 5.8

2023 ± 138

MONTHS

1

86 ± 13
65 ± 10
20 ± 4

41 ± 9
76/24

45 ± 6
76/24

97.2 ± 5.9
3.7 ± 1.0

1937 ± 122

OF INSULIN TREATMENT

3

92 ± 16
69 ± 12
23 ± 5

47 ± 9
77/23
45 ± 7
73/27

100.5 ± 6.5*
7.0 ± 1.5

1918 ± 121

6

100 ± 24
74 ± 16
26 ± 9

51 ± 13
76/24

49 ± 12
72/28

102.2 ± 6.8*
8.7 ± 1.9

1711 ± 119
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Table 4—Results o/HGM
200

A.

PARAMETER

TOTAL CBG MEASUREMENT (MEAN N/MO)

FASTING CBG MEASUREMENTS (MEAN N/MO)

MEAN FASTING CBG LEVEL (MM)

MEAN FASTING CBG CV (%)

TOTAL HYPOGLYCEMIC EVENTS (MEAN N/MO)

BIOCHEMICAL!

SYMPTOMATIC

MONTHS

1

154 ± 11
27 ± 1
6.7 ± 0.5
28 ± 4

4.1 ± 0.3
2.5 ± 1.4

OF INSULIN TREATMENT

3

123 ± 7
26 ± 1
6.5 ± 0.5
17 ±2*

2.8 ± 1.2
0.7 ± 0.3

6

137 ± 7
27 ± 2
6.8 ± 0.4
15 ±2*

1.3 ± 0.5
0.3 ± 0.2

UJ

U
L

IN
C

5/
D

A
Y

)

s |
_l 3

100

50

n

400
Values are means ± SE.
*P < 0.05 by Scheffe's F test.
tDefined as CBG <3.0 mM.

(23-27). Although these studies were all
of short duration (<1 mo), the mean
insulin doses varied from 60 to 200
U/day. Throughout the 6 mo of this
study, the exogenous insulin dose fell
within this range, averaging 86-100 U of
intermediate and regular insulin com-
bined. As expected, these insulin doses
resulted in the development of progres-
sive hyperinsulinemia with mean serum
insulin levels rising to ~500 pM during
the 24-h glycemic profiles. Such ele-
vated insulin levels raise some concern in
view of recent epidemiological evidence
that implicates chronic hyperinsulinemia
with increased cardiovascular risk and,
in particular, macrovascular disease in
diabetic individuals (28). It remains to be
determined, however, whether hyperinsu-
linemia as a result of exogenous insulin
therapy has a similar impact on cardiovas-
cular risks as endogenous hyperinsulinemia
in diabetic individuals (29). Thus, until this
issue is resolved it does not seem justified to
curtail or withhold insulin therapy to pre-
vent peripheral hyperinsulinemia and car-
diovascular risks at the expense of uncon-
trolled hyperglycemia.

It is also possible that the poten-
tial atherogenic effects of hyperinsuline-
mia will be offset by the benefits of insu-
lin therapy on lipid profiles in type II
diabetes. Similar to other reports (26,
30-32), the most dramatic benefit in
this study was a 60% reduction in serum

triglycerides and a 24% lowering of total
cholesterol after initiation of insulin ther-
apy. Consistent with a recent report by
Hollenbeck et al. (33), significant im-
provement in HDL cholesterol did not
occur in this study. Despite the lack of
improvement in HDL levels, current ev-
idence indicates that hypertriglyceri-
demia is a risk factor for cardiovascular
disease in diabetic subjects (34). There-
fore, the dramatic effect of insulin ther-
apy to lower triglyceride levels in this
study may be beneficial and reduce the
propensity for atherogenesis in this pop-
ulation.

Weight gain is a well-recognized
consequence of long-term insulin ther-
apy (7). The weight gain in this study
was greater and more rapid than re-
ported in other large clinical trials, in-
cluding the University Group Diabetes
Program (35) and the UK Prospective
Diabetes Study (36). In both of these
studies, serum glucose levels were nor-
malized more slowly by using lower
doses of insulin that could influence the
extent of weight gain. Recently, the
DCCT reported (on 1-yr of data) that
weight gain in type I diabetes was greater
with intensive therapy compared with
standard insulin therapy, and that pa-
tients with severe hypoglycemia gained
more weight than those without severe
episodes (37). Furthermore, they were
able to identify higher baseline HbAlc

ouo

1000 2000 3000
Glucose Disposal Rate

B.

UJ

8
If

300

200

100

1000 2000 3000
Glucose Disposal Rate

Figure 5—Correlation of total insulin dose
with maximum glucose disposal rate. A: Total
insulin dose at 1 mo vs. pretreatment rate
r = -0.75, P < 0.005. B: Total insulin dose at
6 mo vs. posttreatment rate r = —0.78,
P < 0.005.

levels and improvement in HbAlc during
intensive therapy as being associated
with greater weight gain. In this study,
the mean weight gain was considerable,
averaging 9.3% of initial body weight
and occurred despite biweekly visits with
the nutritionist and dietary history re-
flecting reduced caloric intake.

In contrast to the DCCT study,
no relationship was found between base-
line HbAlc, change in HbAlc, frequency
of hypoglycemic episodes, pretreatment
body weight, or daily glycosuria and
weight gain. We were able to document
that weight gain correlated with pre- and
posttreatment mean day-long serum in-
sulin levels (r = -0.55, P < 0.05 and
r = 0.67, P < 0.01, respectively) and
the total exogenous insulin dose
(r = 0.62, P < 0.02), implying that in-
sulin per se mediates weight gain. When
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these relationships were explored fur-
ther, strong inverse correlations were
found between the total exogenous insu-
lin dose required to achieve euglycemia
and both pre- and posttreatment periph-
eral glucose disposal rates (r = —0.75
and - 0 . 7 8 , respectively, both P <
0.005). Moreover, an inverse correlation
was observed between weight gained and
pretreatment peripheral glucose disposal
(r = -0 .53, P < 0.05).

Although the majority of meta-
bolic improvements occurred within 1
mo of intensive C1T (Table 3, Fig. 3), the
dose of insulin required to achieve or
maintain the stated glycemic goals (per
algorithm) was increased progressively
from 1 to 6 mo, resulting in significant
increases in mean serum insulin levels
(Table 3). Although metabolic improve-
ments were minimal after the first month
of insulin therapy, >50% of the weight
gain occurred during this period. In view
of the strong correlation found between
serum insulin levels and total exogenous
insulin dose with weight gain, it is rea-
sonable to ask whether the additional
slight improvement in glycemia was
worth the weight gain. However, it is
also possible that some or all of this
weight gain after the first month of ther-
apy would have occurred even if the in-
sulin dose was not increased further. In
any event, these results raise the issue
that perhaps the goal of insulin therapy
in type II diabetes should be to im-
prove—but not necessarily normalize—
day-long glycemic control.

Because peripheral glucose dis-
posal is a measure of insulin resistance in
type II diabetes, these correlations sup-
port the notion that the underlying basis
for much of the weight gain during in-
tensive insulin therapy is the severity of
the insulin resistance present. By this for-
mulation, the greater the insulin resis-
tance, the greater is the exogenous insu-
lin dose and peripheral insulin level
required to achieve euglycemia, and the
greater the weight gain will be. It is clear
that although improved glycosuria with
reduced urinary loss of glucose calories

must contribute to some of the weight
gain during intensive CIT, this change
did not explain the individual variability
observed. Although the composition of
the weight gain was not determined in
this study, it previously has been docu-
mented that both fat and lean body mass
contribute to the gain after insulin treat-
ment in type II diabetes (38). In view
of the numerous potential adverse effects
of weight gain, particularly in type II
diabetes, efforts to understand and pre-
vent this undesirable consequence of in-
sulin therapy must be pursued aggres-
sively.

In accordance with numerous
short-term studies that use intensive in-
sulin therapy over a period of days to
weeks (23,25,27,39), we have shown
that a more long-term control of glyce-
mia results in persistent improvements
in basal HGO and peripheral insulin ac-
tion. After 6 mo of exogenous insulin
therapy, the improvements in basal HGO
were considerably greater than those of
peripheral insulin action. The mean basal
HGO decreased >40% to 350 ± 17
ixmol • m~2 • min"1, which is similar to
that in control subjects (12). In contrast,
the increase in peripheral glucose dis-
posal was a modest 24% (from
1418 ± 156 to 1657 ± 128 fjimol •
m~2 • min"1), resulting in persistence of
significant insulin resistance in these di-
abetic patients. This differential response
in the improvement of basal HGO and
peripheral glucose disposal is consistent
with the known pathophysiology of in-
sulin resistance in type II diabetes and
furnishes some insight as to how inten-
sive insulin therapy improves glycemia
in this disorder.

In type II diabetes, there is resis-
tance to insulin's effect on both suppres-
sion of HGO and stimulation of periph-
eral glucose disposal (40). These
abnormalities of insulin action result in
excessive hepatic production and re-
duced peripheral disposal of glucose.
The resistance at the liver, however, is
less than at the periphery, so that insulin
suppresses the excessive HGO more

readily than it stimulates the low rates of
peripheral glucose disposal. Further-
more, peripheral insulin resistance often
is so severe in type II diabetes that glu-
cose uptake cannot be stimulated signif-
icantly by insulin, particularly in the
presence of euglycemia and circulating
insulin levels achieved during exogenous
insulin therapy. Thus, it is the liver and
its excessive production of glucose rather
than the impaired peripheral uptake of
glucose that is generally the principal
target of insulin therapy in type II diabe-
tes.

Several aspects of this study
clearly emphasize this mechanism of in-
sulin action and the importance of
changes in basal HGO to improved over-
all glycemia. Numerous studies have
demonstrated a close relationship be-
tween basal hepatic glucose and FPG lev-
els, and a strong association between
these parameters (r = 0.87, P < 0.01)
has again been confirmed. Moreover, the
FPG is primarily determined by the basal
rate of HGO such that changes in one of
these parameters is accompanied by cor-
responding changes in the other. As em-
phasized by Holman and Turner (41),
the classic glycemic profile of the type II
diabetes patient consists of elevated fast-
ing glucose levels upon which exagger-
ated postprandial glycemic excursions
are superimposed. Such a glycemic pat-
tern is clearly evident in this study before
treatment, as shown in Fig. 3A. After the
intitiation of intensive insulin therapy,
the most significant change in the glyce-
mic profile is a reduced FPG level with
only subtle changes in the postprandial
peaks. This reduction in fasting glucose
levels was closely paralleled by lower rates
of basal HGO. The quantitatively minor
role of changes in peripheral glucose dis-
posal to the improvement in glycemia is
apparent when one considers that only a
small improvement occurred in this study
despite the use of pharmacological insulin
levels (7000-9000 pM) during euglyce-
mic clamps. At the serum insulin levels
achieved during intensive insulin therapy
in this study (<1000 pM, Fig. 2B), stim-

DIABETES CASE, VOLUME 16, NUMBER 1, JANUARY 1993 29

D
ow

nloaded from
 http://diabetesjournals.org/care/article-pdf/16/1/21/444821/16-1-21.pdf by guest on 19 M

ay 2023



Intensive insulin therapy for diabetes

ulation of peripheral glucose uptake would
likely be minimal, at best. Thus, the bulk
of changes in the glycemic profile are con-
sistent with the conclusion that marked
reduction in the basal HGO is the principal
mechanism responsible for the improved
glycemia after intensive insulin therapy of
type II diabetes.

In summary, this study demon-
strates that tight glycemic control and a
less atherogenic lipid profile can be readily
achieved in type II diabetes patients who
do not succeed with oral hypoglycemic
therapy. This intensive regimen of conven-
tional split-dose insulin therapy combined
with frequent self-monitoring of CBG lev-
els resulted in rapid improvement of gly-
cemia without the development of signifi-
cant hypoglycemia. Because of insulin
resistance, large doses of exogenous insulin
were required, which resulted in periph-
eral hyperinsulinemia and weight gain. It
remains unknown whether the metabolic
benefits of a long-term program of inten-
sive CIT will exceed the potential adverse
consequences.
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APPENDIX—ALGORITHM FOR
INSULIN DOSAGE ADJUSTMENT
BASED ON CBG IN TYPE II
DIABETES

Glycemic treatment goals

1. Fasting CBG, 4.5-6.5 mM

2. Presupper CBG, 4.5-6.5 mM

3. Postprandial (2-h) CBG, <9.5 mM

4. No CBG, <3.0 mM

Insulin dosage
All insulin is given subcutaneously in
abdominal region (periumbilical) 30 min
before meals (breakfast and supper).

1. First goal—fasting CBG 4.5-6.5
mM
• Initial dose of NPH insulin 0.2

U/kg before dinner
• Change dose of evening NPH in-

sulin based on subsequent fast-
ing CBG as follows: >9.5 mM—
increase by 0.1 U/kg; 6.5-9.5
mM—increase by 0.05 U/kg;
4.5-6.5 mM—no change in
dose; <4.5 mM—decrease by
0.1 U/kg.

• Proceed to second goal only after
first goals is achieved.

2. Second goal—presupper CBG 4.5-
6.5 mM
• Initial dose of NPG insulin before

breakfast and criteria for adjust-
ment identical to first goal except
based on subsequent presupper
CBG.

• Proceed to third goal only after
first and second goals are
achieved.

3. Third goal—Postprandial (2-h)
CBG <9.5 mM (after breakfast and
supper)
• Initial dose of regular insulin

0.075 U/kg before breakfast
and/or supper.

• Change each dose of regular in-
sulin based on subsequent post-
prandial (2-h) CBG as follows:
>9.5 mM—increase by 0.025
U/kg; 6.5-9.5 mM—no change
in dose; 4.5-6.5 mM—decrease
by 0.025 U/kg; <4.5 mM—
decrease by 0.05 U/kg.
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